ABSTRACT: Febrile children are often given antibiotics empirically and unnecessarily. MxA is a protein induced in peripheral lymphoid cells by type 1 interferons during active viral infection. The ability of a whole blood ELISA assay for MxA to identify children with viral illness was studied in 122 children who presented with acute onset fever and 52 age-matched healthy controls. The febrile children were divided into three groups according to their final diagnoses: etiologically diagnosed viral infection, clinically diagnosed viral infection, and bacterial infection. MxA levels in the bacterial infection group and controls were similar and low (90.9 Ϯ 69.7 and 76.9 Ϯ 63.2 ng/mL, respectively). In contrast, mean MxA levels in the two viral infection groups were higher than in both the bacterial and control groups (719.2 Ϯ 386.4 and 827.0 Ϯ 651.1, respectively). A receiver operating characteristic analysis showed that the area under the curve of the MxA level was greater than under the curves of both the white blood cell count and the C-reactive protein concentration. Whole blood assay of MxA is a clinically useful tool for diagnosing viral illness in febrile children and should help reduce use of unnecessary antibiotics. (Pediatr Res 60: 770-774, 2006) 
F ever is one of the most frequent presentations among children seeking medical attention. It also is one of the most common symptoms of infectious disease. In developed countries, the etiology of most infectious diseases is viral (1) . However, it is sometimes difficult to distinguish viral from bacterial infectious diseases in the clinical setting. Therefore, physicians often prescribe antibiotics to febrile patients empirically out of concern over the sequelae of bacterial infection. It has been reported that between 17% and 90% of children received antibiotics for the common cold, upper respiratory infections, and acute bronchitis, despite the fact that these illnesses are usually viral in origin (2) . This inappropriate use of antibiotics is believed to be a main cause of the spread of antibiotic-resistant bacteria. The management of febrile infants is more complicated than the management of older children. These patients are at high risk for serious bacterial infections, such as meningitis and sepsis. Several criteria have been proposed for identifying patients with bacterial infection (3) (4) (5) , but no management protocol has been universally adopted because reliable criteria for distinguishing between these two types of infection have yet to be developed.
Type I interferons (IFN-␣ and -␤) play important roles in innate immune responses and have immunomodulatory, antiproliferative, and antiviral functions (6) . Their antiviral activity is mediated by the induction of unique proteins, such as 2=, 5=-oligoadenylate synthetase, RNAseL, dsRNA-activated protein kinase, and MxA (7). Human MxA is a 76-kDa GTPase protein belonging to the dynamic superfamily of large GTPase (8, 9) and has antiviral activity against a wide variety of viruses, such as influenza, parainfluenza, measles, and coxsackie viruses (10 -13) . MxA protein is induced exclusively by IFN-␣ and IFN-␤, but not by IFN-gamma (14, 15) . MxA protein may offer certain advantages as a marker for viral infection over the other induced proteins such as 2=, 5=-oligoadenylate synthetase, because of its lower basal concentration and longer half-life (2.3 d) (16) .
It has been reported that MxA expression in peripheral blood mononuclear cells (PBMC) is a highly specific and reliable marker for type I IFN bioactivity during IFN treatment of chronic viral hepatitis (17) and multiple sclerosis (18) . We and other researchers have reported on the possible use of MxA protein expression in peripheral blood as a marker for viral infection (19 -24) . In this study, we show that MxA protein levels in peripheral whole blood are easily measured by an ELISA system, and that the whole blood MxA level is a good marker for distinguishing viral from bacterial disease in febrile children, even in infants less than 3 mo of age.
MATERIALS AND METHODS
Subjects. During the 18-mo period from October 2003 through March 2005, 122 children who visited the outpatient clinic of Toyama University Hospital for acute onset fever were enrolled in this study. Acute onset fever was defined as a body temperature higher than 38°C which developed within 1 wk before presentation. Patients with immunodeficient diseases or chronic inflammatory diseases were excluded. Children with mild lower respiratory symptoms, such as wheezing, also were excluded to avoid infections by nonbacterial and nonviral pathogens such as Mycoplasma pneumoniae or Chlamydia pneumoniae, important causes of lower respiratory infection in wheezing children (25) . Fifty-two age-and gender-matched healthy children who had been without symptoms of infectious diseases during the previous 2 wk served as controls ( Table 1 ). The study was conducted according to the ethical standards of University of Toyama, which require informed consent from the parents of each subject.
Children with acute onset fever were subdivided into three groups according to the final diagnoses: etiologically diagnosed viral infection, clinically diagnosed viral infection, and bacterial infection ( Table 2) . Individuals with etiologically diagnosed viral infection were identified by elevated serum antibodies or positive results of virus-detection kits: ImmunoCard STAT! Adenovirus GSA (Meridian Bioscience, Cincinnati, OH) for adenovirus, ROTA-ADENO DRY (Orion Diagnostica, Espoo, Finland) for rotavirus, Capilia Flu A,B (Nippon Becton Dickinson, Tokyo, Japan) for influenza viruses, and Directigen RSV (Becton Dickinson, Cockeyville, M.D.) for respiratory syncytial virus. Children with mild symptoms of upper respiratory infection or gastroenteritis were classified into clinically diagnosed viral infection group. Their symptoms resolved spontaneously whether antibiotics were used or not. Some children with typical physical findings of viral infection, such as exanthem subitum, hand-foot-mouth disease or croup syndrome also were included in this group. Bacterial infections were diagnosed based on positive culture results. Samples for bacterial culture were obtained by collection bag, catheterization, or midstream collection of urine for urinary tract infection, sputum for pneumonia, venous blood for sepsis, throat swabs for tonsillitis, stool for enterocolitis, and aspiration specimens for other infections. According to Bachur's criteria using the results of urinalysis, white blood cell (WBC) count, body temperature, and age (26) , infants aged younger than 3 mo were divided into one of two groups, "high risk" or "not high risk," for serious bacterial infection.
Measurement of MxA protein levels in peripheral whole blood by ELISA. The MxA protein level in whole blood sample, which had been stored at Ϫ40°C, was measured by an ELISA system according to a modification of the previously described method (27) . Briefly, lysing solution was added to the thawed samples, and the lysate was applied to ELISA plates coated with a MAb (KM1135, Kyowa Medex, Tokyo, Japan). After 2 h of incubation, the plates were washed, and a different peroxidase-labeled MAb (KM1124, Kyowa Medex) was added. After a 1-h incubation and washing, substrate was added. Chemiluminescence was detected in a Multiskan MS (Labsystems Version 8.0, Helsinki, Finland). The sensitivity of MxA in this ELISA system was 3.2 ng/mL. Statistical analysis. All values are expressed as mean Ϯ SD. Subjects' demographic and clinical data between different groups were compared by the Kruskal-Wallis H test or the Mann-Whitney U test, as appropriate. Receiver operating characteristic (ROC) analyses were conducted to evaluate the MxA level in screening for subjects with viral infection and to compare the performance with other two markers: WBC count and serum C-reactive protein (CRP) concentration (28) . Ranges of these values were as follows; WBC: 0 -32000 /mm 3 , CRP: 0 -4.2 mg/dL, and MxA: 0 -519.1 ng/mL (7.0 SD). Comparison of the area under ROC curves was done using the method of Hanley and McNeil (29) . Statistical significance was defined as a p Ͻ 0.05.
RESULTS
Age, male-to-female ratio, and duration of fever were similar in the febrile groups (Table 1) . Influenza viruses, adenovirus, and rotavirus were the most common viruses in the etiologically diagnosed viral infection group. Upper respiratory infection accounted for most of the patients in the clinically diagnosed viral group, followed by gastroenterocolitis. In the bacterial infection group, urinary tract infection (UTI), pneumonia, and sepsis were the most common diseases, and Escherichia coli, Haemophilus influenzae, and Staphylococcus aureus were the most common pathogens. Figure 1 shows peripheral whole blood MxA levels in all 771 subjects. MxA levels in the control subjects were quite low, and the mean MxA levels in the control and bacterial infection group were similar (76.9 Ϯ 63.2 and 90.9 Ϯ 69.7 ng/mL, respectively). MxA levels were high in the majority of the children with viral infections, in both the etiologically diagnosed and clinically diagnosed viral infection groups (719.2 Ϯ 386.4 and 827.0 Ϯ 651.1, respectively). Although MxA levels were distributed in a wide range in the viral infection groups, no relationship between the MxA level and severity of illness was found. Using an MxA level of 234 ng/mL (mean Ϯ 2.5 SD of the control subjects) as the upper limit of normal, an elevated MxA level was 92.6% specific and had a positive likelihood ratio of 13.1 for viral infection. The peripheral WBC count and serum CRP concentration have been used as markers to distinguish bacterial from viral infection. Both values were higher in the bacterial infection group in the viral infection groups (Fig. 2) . However, there were clear overlaps between the bacterial and viral infection groups for both values. ROC analysis was used to compare the effectiveness of WBC, CRP, and MxA in screening for viral infection among febrile children (Fig. 3) . The area under the ROC curve of MxA level was 17.2% and 16.0% greater than the areas under the WBC count and CRP concentration curves, respectively (p Ͻ 0.01).
The 39 infants younger than 3 mo old were classified as "high risk" or "not high risk" for bacterial infection based on Bachur's criteria (26) . The mean MxA level in the "not high risk" group was higher than in the "high risk" group (p Ͻ 0.01) (Fig. 4) . Although most infants with viral infection were classified into the "not high risk" group, five infants with a normal MxA level ultimately were diagnosed with a bacterial infection: 2 cases of sepsis, 2 cases of UTI, and 1 case of pneumonia.
DISCUSSION
The present study shows that a whole blood assay for the MxA protein by ELISA is useful for identifying children whose fever is due to a viral infection. Our results are consistent with other reports, although the number of subjects studied has been small (22, 23) . Forster et al. (21) measured MxA protein levels in blood and nasopharyngeal secretions in children with respiratory infections and obtained results similar to ours. However, these investigators only studied patients with respiratory symptoms.
The higher MxA levels in the viral infection group compared with the bacterial infection group can be explained by the fact that the MxA protein is induced exclusively by type I IFN and not by IFN-gamma, IL-1, TNF-alpha, or any of the other cyotokines by bacterial infection (15) . Ronni et al. (16) demonstrated that MxA mRNA is detectable in isolated PBMC stimulated with IFN-␣ within 1 to 2 h of IFN induction, and MxA protein begins to accumulate shortly thereafter. Roers et al. (30) showed that MxA protein is induced in PBMC from healthy volunteers vaccinated with yellow fever virus 5-7 d after vaccination and remains detectable until approximately 10 d after vaccination. Once viral infection causes systemic symptoms like fever in its host, MxA protein should be detectable in PBMC.
One limitation of this study is that the diagnoses of viral infections were made by virus-detection kits, elevated serum 
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antibody titers, and typical clinical findings, not by polymerase chain reaction (PCR). In the clinical setting, so many kinds of viruses cause fever in children that it is almost impossible to test for each one individually. Therefore, a nonspecific test, such as the whole blood MxA assay, is a useful screening tool. Although the possibility of coinfection or superinfection with another microorganism exists, we found no evidence of coinfection in this study. The low incidence of bacterial infection in febrile children with virus infection has previously been documented (31) , whereas approximately 30% of children with Mycoplasma pneumoniae infection also have a viral infection (32) . Suspected Mycoplasma pneumoniae or Chlamydia pneumoniae infection was an exclusion criterion in this study and may account for the low rate of coinfection. However, coinfection remains an important issue in the management of febrile children. Recently, it has been reported that Gram-negative bacterial products, such as lipopolysaccharide (LPS), can induce type 1 IFN gene expression in mice (33, 34) . Because MxA protein is induced exclusively by type 1 IFN (14,15) , we studied the effect of LPS on MxA protein induction in human PBMC. MxA protein was induced after a 24-h incubation with LPS (data not shown). However, the concentrations of LPS induced MxA protein were higher than 100 pg/mL, and such high levels of endotoxin occur only in mostly fatal patients with sepsis caused by Gram-negative bacteria (35) (36) (37) . Serum type 1 IFN levels remain within normal limits, even in patients with severe bacterial infection (38, 39) , and normal type 1 IFN concentrations (Ͻ10 U/mL) lack the ability to induce the MxA protein in PBMC (data not shown). From these facts, MxA protein is still a useful marker for viral infection in the clinical settings. However, in the management of critically ill patients, physicians should not make a final diagnosis of viral infection based on MxA titers alone, and should perform other diagnostic examinations as well.
In this study, supranormal peripheral MxA levels predicted a high likelihood (odds ratio, 13.6) for viral infection. ROC analyses demonstrated that the whole blood MxA level was more reliable for identifying viral infection than the WBC count or serum CRP concentrations. These data are consistent with other studies that have demonstrated the limitations of these variables for distinguishing between viral and bacterial infections (40 -42) . Most infants less than 3 mo of age classified correctly into the "not high risk" and "high risk" groups defined by Bachur's criteria. However, several infants in the "not high risk" group had a bacterial infection, and their MxA level was below the upper limit of normal. Combining MxA titers with other parameters could enhance the ability to distinguish between bacterial and viral infections in children with acute fever.
In conclusion, the whole blood assay for MxA protein may help identify which febrile children, even infants, have a viral infection, and might contribute to reduce the number of unnecessary antibiotic prescriptions. However, MxA alone is not pathonomonic for viral infection, and further studies are necessary to establish whether MxA-guided antibiotic use is safe and effective in the management of children with acute onset of fever. 
